We introduce the OSIRIS Lens-Amplified Survey (OLAS), a kinematic survey of gravitationally lensed galaxies at cosmic noon taken with Keck adaptive optics. In this paper we present spatially resolved spectroscopy and nebular emission kinematic maps for 17 star forming galaxies with stellar masses 8 < log(M * /M ) < 9.8 and redshifts 1.2 < z < 2.3. OLAS is designed to probe the stellar mass (M * ) and specific star formation rate (sSFR) range where simulations suggest that stellar feedback is most effective at driving gaseous outflows that create galaxy-wide potential fluctuations which can generate dark matter cores. We compare our kinematic data with the trend between sSFR, M * and Hα velocity dispersion, σ, from the Feedback In Realistic Environments (FIRE) simulations. Our observations reveal a correlation between sSFR and σ at fixed M * that is similar to the trend predicted by simulations: feedback from star formation drives star-forming gas and newly formed stars into more dispersion dominated orbits. The observed magnitude of this effect is in good agreement with the FIRE simulations, in which feedback alters the central density profiles of low mass galaxies, converting dark matter cusps into cores over time. Our data support the scenario that stellar feedback drives gaseous outflows and potential fluctuations, which in turn drive dark matter core formation in dwarf galaxies.
1. INTRODUCTION The standard cosmological model has been tremendously successful in predicting the large-scale structure and distribution of galaxies in terms of dark energy and cold dark matter (ΛCDM; e.g. Akrami et al. 2018) . However in the most common systems, dwarf galaxies (log(M * /M ) 8 -9), there is tension between the predictions of dark-matter only simulations and observations. Dark-matter only models predict steep central dark matter profiles (referred to as cusps; Navarro et al. 1996; Navarro et al. 2010 ), yet observed dwarf galaxies in the local universe reveal dark matter halos with a diversity of profiles, with many having nearly constantdensity cores (e.g. McGaugh et al. 2001; de Blok et al. 2008) . This "cusp-core" problem is one of the most significant and long-standing challenges to standard ΛCDM and has motivated alternative dark matter theories such as warm dark matter (e.g. Spergel & Steinhardt 2000; Viel et al. 2005 ) and self-interacting dark matter (e.g. Buckley & Fox 2010; Zavala et al. 2013; Vogelsberger et al. 2014) to resolve this tension, among others. Thus, understanding the origin of the cusp-core problem is vital to understanding the dominant mass component of the universe.
One exciting resolution to the cusp-core problem that does not require abandoning ΛCDM is to include baryonic physics in cosmological simulations. Recent works show stellar feedback may be capable of altering the dark jhirtenstein@ucdavis.edu matter distribution of dwarf galaxies within the local group (e.g. Governato et al. 2012; Chan et al. 2015; Oñorbe et al. 2015; Read et al. 2016 , El-Badry et al. 2016 El-Badry et al. 2017; Read et al. 2018) . These studies show that strong baryonic outflows at sub-kpc scales significantly lower the central density of dark matter halos, resolving the cusp-core problem and revealing the mass range where feedback most significantly drives core formation: stellar masses M * ∼ 10 6 -10 9 M . However, not all stellar feedback models alter the central density profile of dwarf galaxies (i.e., Bose et al. 2018) . Further, the models that successfully resolve the cusp-core problem in local group dwarfs have different expectations at high redshifts (e.g., Gibson et al. 2013) , such as competing implications for galaxy masses, chemical enrichment and pollution of the interstellar and intergalactic media (e.g., Davé et al. 2012) .
We are motivated to probe intermediate redshifts (z ∼ 1-3) from both an observational and theoretical standpoint. Observationally, this epoch corresponds to a peak in star formation rate (SFR) density (see Madau & Dickinson 2014) , and thus galaxy assembly activity, where stellar feedback (dominated by young, massive stars) is most active. Similarly, models predict that the strength of galaxy coring can correlate with gas accretion rates and SFRs, so higher redshifts are likely more interesting to test this scenario.
To gain a comprehensive understanding of the impact of stellar feedback on our universe at all epochs, we must discern between these different feedback models. To effectively study density profiles on sub-kpc scales needed to characterize dwarf galaxy structure, we require observations utilizing both adaptive optics (AO) and gravitational lensing. In this paper, we introduce a new survey, the OSIRIS Lens-Amplified Survey (OLAS), which takes advantage of massive galaxy clusters as gravitational lenses as well as AO at Keck Observatory with the OHSuppressing Infrared Imaging Spectrograph (OSIRIS), uniquely pushing down to roughly 1.5 orders of magnitude lower in both stellar mass and SFR than other AO studies at intermediate redshifts, and dramatically extending the sample at the lowest masses for which lensing is necessary (Stark et al. 2008 , Jones et al. 2010 , Livermore et al. 2015 , Förster Schreiber et al. 2018 , as seen in Figure 1 . Additionally, the AO corrections yield an order of magnitude increase in spatial resolution compared to seeing-limited kinematic studies (e.g. Wuyts et al. 2016 , Stott et al. 2016 . Typical seeing-limited resolution of 0.5" is insufficient to resolve even our lensed galaxy targets, whereas we achieve good spatial sampling from the combination of AO and lensing magnification. Future papers will further explore the resolved kinematics and dynamical mass profiles. Here, we focus on an initial test which is straightforward and theoretically wellmotivated.
In this paper we compare galaxy kinematics with sSFRs to test observational signatures of core formation found in simulations. Physically, bursts of star formation drive powerful outflows which lower the central mass density in galaxies. This rapid change in gravitational potential is expected to drive both baryons and dark matter to wider orbits, manifesting as a lower stellar velocity dispersion, σ * , with a correlation between σ * and recent sSFR (El-Badry et al. 2017) . The velocity dispersion of stars is a direct indicator of potential fluctuations; here we study the integrated velocity dispersion of Hα in star -OLAS stellar masses and SFRs (shaded circles with error bars), with SFR measured from nebular emission lines (purple) and UV-continuum (cyan) for each source, as compared to a similar AO assisted survey, SINS/zC-SINF (crosses; Förster Schreiber et al. 2018) . OLAS pushes roughly 1.5 orders of magnitude lower in both mass and SFR, reaching the mass and redshift range where feedback is predicted to have the strongest dynamical effect (M * 10 9 M ).
forming regions (denoted in this paper as σ, unless otherwise stated). Unlike stars, gas kinematics can be altered due to stellar feedback, regardless of whether or not the gravitational potential is significantly affected. Nonetheless, we are testing a predicted correlation between σ and sSFR, which is a necessary, but not sufficient, prerequisite for coring.
The paper is organized as follows. In Section 2 we introduce our target selection criteria and sample. Section 3 describes our reduction and data extraction methods, both observationally and from the simulations. In Section 4, we discuss the kinematic properties of our sample, present a relationship between σ, M * , and sSFR from simulations and compare our data with the predicted re- lationship from the FIRE simulations. In Section 5, we discuss our results. Finally, in Section 6, we summarize our results and discuss the possibilities this work proposes for future research. We assume a flat ΛCDM cosmology with H 0 = 70 km s −1 Mpc −1 , Ω m = 0.3, and Ω Λ = 0.7.
2. DATA ACQUISITION In order to probe stellar feedback at sub-kpc scales in both this critical range of low mass (log(M * /M ) < 9) and high redshift (z > 1), we require high-resolution spatial sampling and kinematic data. For our observations, we use OSIRIS (Larkin et al. 2006 ), a near-infrared integral field unit (IFU) spectrograph at Keck Observatory with AO, to give us the necessary resolution and spatial sampling for detailed kinematic measurements at the scales of galactic cores.
Our targets are drawn from the Hubble Space Telescope (HST) program, the Grism Lens-Amplified Survey from Space (GLASS; Treu et al. 2015) . GLASS obtained near-IR grism spectroscopy of 10 galaxy clusters, detecting spatially resolved emission lines from large samples of background lensed galaxies. GLASS data and other HST imaging provide stellar masses, emission line maps, SFRs and metallicities (as presented in Wang et al. 2017 , Wang et al. 2018 . OSIRIS followup is critical as HST lacks the spectral resolution to measure kinematics. The GLASS data are necessary to pre-select targets with suitable stellar masses and redshifts. We distinctly look for galaxies with sufficiently strong Hα for spatial mapping with OSIRIS that probe the aforementioned critical stellar mass and redshift range to test against simulations. However, this introduces a possible selection effect because our observations are biased towards galaxies with higher sSFRs (stronger Hα) whereas the simulations we compare to are not selected based on nebular emission strength. As we note in Section 4.2, our observations indeed have higher sSFRs than the simulated galaxies. A larger sample of observational data which pushes to lower sSFR will make this comparison more robust.
Between October 2016 and October 2018, we observed 17 gravitationally lensed, star forming galaxies with redshifts 1.2 < z < 2.3 and masses 8 < log(M * /M ) < 9.8, one of which was found to be an AGN and is excluded from this analysis. We observed in the H and K bands where the Strehl ratio is good, at both the 0.05 and 0.1" pixel scale. The targets are mostly observed with laser guide star (LGS) AO, with some targets observed in the natural guide star (NGS) AO mode during laser failures. The OLAS sample to-date has a median FWHM of 0.136" (Table 2) , observed with clear sky conditions. A more detailed description of our target sample and relevant properties can be found in Tables 1 and 2. 3. METHODS 3.1. OSIRIS spectroscopic data OSIRIS provides spatially resolved kinematic information in the form of a 3-D data cube. We reduced the data using the OSIRIS reduction pipeline 1 with a scaled sky subtraction. We perform a sigma-clipping to remove outlier pixels and smooth the data to increase the signal to noise, yielding a larger area for our kinematic analysis. We then fit a gaussian in velocity space to the Hα emission line at each spatial pixel (spaxel) to determine the velocity and local velocity dispersion, imposing a 5σ detection threshold for acceptable fits (Figure 2 , Appendix B).
We correct the local velocity dispersion (the mean value of σ from individual spaxels) for beam smearing, determined from local velocity shear and the spatial PSF (smoothed according to each science target), as well as instrumental broadening, measured from skylines. We create a mock data cube, modeling gaussian Hα emission lines containing the contributions from beam smearing and instrumental broadening at every spaxel with sufficient signal to noise for the science target. We then correct the observed velocity dispersion by subtracting the mock data cube at every spaxel in quadrature, yielding a combined median correction of 22.2 km/s (median percent difference of 38.2%). Fig. 2 .-Hα velocity maps for 17 star forming galaxies in our sample observed to date. The galaxies are sorted by stellar mass and are shown with a common velocity scale. Axis tick marks are 0.25 arcseconds in all panels. Targets with log(M * /M ) <9 (top row) typically have lower velocity shear, whereas the more massive galaxies on the bottom row predominantly show ordered rotational motion.
We also sum all spaxels into a 1-dimensional spectrum to measure the integrated velocity dispersion for each target. We correct the integrated velocity dispersion measurements for instrumental broadening, subtracting the instrumental contribution from the integrated dispersion in quadrature, yielding a median correction of 10.2 km/s (median percent difference of 15.5%). This allows us to directly compare measured data with the simulations via the framework of El-Badry et al. (2017) . The values for local and integrated velocity dispersions are listed in Table 2.
Photometry and SED fitting
We determine stellar masses of our targets by modeling their spectral energy distributions (SEDs), following similar methods as our previous work with the GLASS survey (e.g., Jones et al. 2015; Wang et al. 2018) Jones et al. 2015 ; emission lines are measured from GLASS data). This correction reduces the derived stellar masses by ∼ 0.1 -0.2 dex, with typically larger effects in lower mass galaxies. Resulting best-fit stellar masses are given in Table 2 .
For this work we are interested in determining SFRs averaged over the last ∼100 Myr, which we measure from the rest-frame UV continuum. This provides a value which is independent of the Hα-based SFR and probes a longer timescale. We measure UV spectral slopes β (where f λ ∝ λ β ) and luminosities using HST F475W and F606W photometry. These filters correspond to restframe λ = 1400 − 2600Å for our targets. We use β to correct for UV extinction following Meurer et al. (1999) , and calculate SFRs from the UV luminosity following Kennicutt (1998) adjusted for a Chabrier IMF. The results are given in Table 2 as SFR (UV). SED modeling also provides estimates of the recent SFR, which are generally consistent. We adopt the direct measurement of SFR from UV continuum as it is insensitive to the assumed star formation history used to model the SEDs.
The stellar masses and SFRs (listed in Table 2 ) in this paper are all corrected for lensing magnification (µ; Table 1). The lens models for the galaxy clusters used in this work were constructed using the lens modeling code Strong and Weak Lensing United (Bradač et al. 2005; Bradač et al. 2009 ). The code uses strongly and weakly lensed galaxies to reconstruct the gravitational potential on a refined pixel grid. This type of code is often referred to as free-form in that it does not fit the parameters of an analytical mass profile. Lens models for some of the clusters are described in previous works: A370 (Strait et al. 2018) , MACS1149 (Finney et al. 2018) , MACS1423 (Hoag et al. 2017) , MACS2129 (Huang et al. 2016) . The lens models for the remaining clusters are described in Hoag et al. (2018, in preparation) .
Comparison to simulations
The main objective of this paper is to test whether trends between sSFR and Hα gas velocity dispersion, σ, predicted by cosmological simulations are in fact present in our data. We compare our results with the Feedback in Realistic Environments (FIRE) simulations, for which galaxies at these masses form dark matter cores via stellar feedback, as a step towards understanding how stellar feedback drives gas kinematics and thus may drive galaxy-wide potential fluctuations and dark matter coring. An overview of the simulated galaxies used in this paper are listed in Table A1 , and full details of the simulations are described in Hopkins et al. (2018) and ElBadry et al. (2018b) . El-Badry et al. (2017) measured correlations between stellar kinematics and sSFRs. Given that we most readily measure gas kinematics via nebular emission lines, we (Table 2 ). Filled squares represent OLAS targets with smooth velocity gradients while stars represent those that exhibit disordered kinematics. Crosses show data from the SIGMA survey (Simons et al. 2016 ) and filled circles are data from the KLASS survey (Mason et al. 2017) . The v/σ local is computed differently within the KLASS sample, but we show their values for comparison. We do not see any trend in v/σ local with M * in the OLAS sample, giving no information of a mass scale where stellar feedback destroys disks.
recalculate for the FIRE simulations, carefully matching velocity dispersion calculations from FIRE to our observed data. Specifically, we measure Hα emission in the observations, so we compare to the HII regions in the simulations, i.e. ionized gas near young stars. In every snapshot (40 snapshots per galaxy), we isolate the ionized gas particles within 100 pc of young (<10 Myr) stars and calculate the density weighted dispersion of their velocities, taking the median value over 100 randomized lines of sight. We do not account for the thermal contribution to σ in our calculations, but they are negligible at these velocity dispersions.
Stellar masses and sSFRs are also determined for each simulated galaxy snapshot. As shown in Table A1 , the simulated galaxies probe the same mass range as our observations. We calculate sSFR averaged over the last 10 (100) Myr by summing the total mass of stars younger than 10 (100) Myr within a given galaxy, corrected for stellar mass loss, and divide by that same timescale.
ANALYSIS 4.1. Kinematic Maps
We present the lensed (image plane) velocity maps for our sample in Figure 2 . These maps are generated by plotting the velocity values at every spaxel, extracted as described in Section 3.1. Targets with log(M * /M ) < 9 typically have lower velocity shear, whereas the more massive galaxies predominantly show strong, ordered rotational motion. More detailed kinematic information (including velocity, velocity dispersion and error maps, HST images and Hα maps) for each target are presented in Appendix B.
Energetic bursts from stellar feedback episodes may also be strong enough to disrupt gas in galaxies; recent works show stellar feedback may flatten (or in some cases, invert) metallicity gradients and destroy gaseous disks (e.g., Gibson et al. 2013; Leethochawalit et al. 2016; Ma et al. 2017; Wang et al. 2018) . This provides yet another test where OLAS is useful to compare to different feedback models. We separate our targets into two broad kinematic classes: those that appear to exhibit a smooth, monotonic velocity gradient (1) and those that do not (2). This preliminary kinematic classification is to note if there are any immediate trends of galaxy morphology (i.e., rotating disks) with stellar mass, in search of a stellar mass range where stellar feedback may be strong enough to destroy disks. Figure 3 shows the relationship between σ local , v/σ local , and M * , where v is the peak-to-peak velocity shear (v = 1 2 (v max − v min )), and σ local is the mean local (measured per pixel) velocity dispersion of the galaxy (Table 2 ). To examine trends over a wider mass range, we additionally consider the results from the SIGMA survey (Simons et al. 2016 ) and the KLASS survey (Mason et al. 2017 ) which adopted similar methods. If feedback destroys gaseous disks below some threshold mass, we would expect a sharp decrease in v/σ local and/or larger scatter below that stellar mass. We do not see a clear signature of this effect in Figure 3 . There is a slight positive correlation between σ local with M * (r 2 = 0.28) in the OLAS data. This correlation indicates that velocity dispersion is likely a source of dynamical support at low mass. However we find no evidence of a threshold mass for rotational disk support in the current analysis. This will be explored further in future work with more detailed kinematic classification and disk model fitting.
4.2.
Relationship between velocity dispersion, mass, sSFR El-Badry et al. (2017) discuss the relationship between sSFR and stellar velocity dispersion at fixed M * . We expect qualitatively similar trends for our calculations of velocity dispersion using ionized gas near young stars. To mirror these results, we separate our targets into near constant mass bins of log(M * /M ) ∼ 8, 8.6, 8.8, 9 .2, and 9.7, matching our observed galaxy masses to galaxies from the FIRE simulations, where all galaxies are within 0.2 dex of their respective mass bin. We compare the integrated velocity dispersion (σ) from OLAS to match our calculations from the FIRE simulations. By examining the relationship between sSFR and σ at fixed stellar mass, we establish a physical link between kinematics and sSFR (i.e. due to feedback-driven outflows), isolated from mass-dependent trends.
Compiling all of our simulated galaxies (ranging in stellar masses 7.5 < log(M * /M ) < 9.9 and redshifts 1.2 < z < 2.7), we parametrize σ pred from the FIRE simulations (independent of the observed data) into the following general form, where σ pred = σ pred (M * , sSFR):
where M * and sSFR are in units of solar masses (M ) and yr −1 . We find no dependence on redshift within the simulated galaxies; including redshift as a parameter does not significantly improve the fit. This is in agreement with the findings from Hung et al. (2018) where they find intrinsic velocity dispersion within the FIRE simulations to be independent of redshift for z > 1. We find the coefficients a, b, and c for both sSFR averaged over 10 and 100 Myr, which we compare to the Hα-based and UV-based SFR measurements, respectively, listed in Table 3 . The scenario for baryonic coring requires feedback to drive coherent gas outflows on the scale of the entire galaxy, thus causing an increase in σ with increased sSFR. Figure 4 shows the best-fit lines compared with both simulations and observed galaxies. At fixed stellar mass, we observe a clear trend in σ with sSFR. This correlation indicates that star formation and associated feedback indeed have an effect on the gas kinematics, a prerequisite for feedback-driven core formation. Equation 1 provides a good fit to the simulated galaxies over the full range of stellar mass and sSFR probed. The OLAS observations typically fall within the scatter of the fit. The observed galaxies have generally higher sSFR than the simulated sample, which could potentially introduce a small bias in extrapolating the fit. However we expect no significant effect on the conclusions, and if anything the observational data provide further support that the trend seen in simulations holds over a wide dynamic range. This could be further addressed in future work with an increased sample of simulated galaxies spanning a broader range of sSFR.
Comparing data and simulations
Our OLAS sample necessarily spans a range of stellar mass, hence we also compare our observed dispersions to the predicted values using Equation 1, stacking all galaxies along a continuous scaling relation. This allows us to consider stellar mass as a continuous parameter and compare our OLAS sample to the simulations, combining our data from Figure 4 into one relationship. Figure  5 presents σ pred compared to OLAS observations. 16/17 observed galaxies are consistent within their 1σ uncertainties to σ pred with both sSFR averaged over 10 and 100 Myr.
To quantify whether the observational data are consistent with the trend seen in simulations, we compute a linear fit of σ obs vs σ pred . For both SFR averaged over both 10 and 100 Myrs, the results are consistent with expectations to within 1 standard deviation (i.e., unity slope and zero offset). The reduced chi-square values are 0.3 and 0.5 for sSFR averaged over 10 and 100 Myr, respectively, where values less than 1 may indicate observational uncertainties are overestimated, or that simulations over-predict the scatter by 30-50%.
5. DISCUSSION 5.1. Rotational support at low mass We preliminarily explore the relationship between smooth velocity gradients and galaxy stellar mass in search of a mass scale where stellar feedback is strong -Colored panels show, at fixed mass, the relationships between integrated σ and sSFR for sSFR averaged over both 10 (left) and 100 (right) Myr, as compared to observed line of sight velocity dispersion from our OSIRIS data (black points with error bars). Crosses represent extracted values from individual simulated galaxies. Solid lines and shaded regions show the dispersion and 1σ scatter from Equation 1 evaluated in each panels respective galaxy mass using fitted parameters from Table 3. enough to overcome galaxy gravitational potentials and destroy disks. At higher masses we expect feedback to have a less dynamical effect due to deep potential wells.
Recent works show that at z ∼ 2, high-mass galaxies (log(M * /M ) > 10.2) are generally rotationally supported with primitive disks, while large fractions of lower mass galaxies are just beginning to form disks (Simons et al. 2016 ). We do not see any such trends within our current data set with galaxies across a wide stellar mass range showing velocity shears (as shown in Figure  3 ). Within the FIRE simulations, there are not generally disk-like structures in low-redshift galaxies below log(M * /M ) ∼ 10. As noted in El-Badry et al. 2018a, the FIRE simulations may over-predict dispersion in lowmass galaxies at low redshift and thus skew predictions of rotational support to higher masses, although this trend has not been tested at the redshifts in this analysis. We require a larger sample, as well as a more complete kinematic analysis to give further insight on a mass scale at which feedback destroys disks in galaxies.
sSFR and Dispersion
If stellar feedback significantly alters the gravitational potentials of dwarf galaxies, we expect to observe a direct relationship between line-of-sight velocity dispersion and recent star formation (El-Badry et al. 2017) . We indeed find a direct relationship between σ and sSFR: at fixed mass, higher sSFR correlates with higher σ, consistent with predicted values from simulated galaxies ( -Measured integrated σ (σ obs ) for each galaxy in our OSIRIS sample, compared to predictions from the simulations, σ pred (based on M * and sSFR, Equation 1), color coded by galaxy stellar mass for sSFR averaged over 10 (top) and 100 (bottom) Myr. In both panels, the solid line represents σ obs = σ pred with the shaded region showing 68% scatter of simulated galaxies around the best fit to log σ pred . The dashed line shows the best fit line measured from the data points. Our observations of σ agree best with the predicted velocity dispersion from the simulations using Equation 1, when sSFR is calculated over a 10 Myr timescale rather than a 100 Myr timescale. Over 100 Myr timescales, gas kinematics are affected by processes that act over dynamical timescales, whereas over 10 Myr timescales gas kinematics are affected by recent episodes of star formation.
Equation 1).
We examine this relationship over two relevant timescales, with sSFR averaged over 10 and 100 Myr. 10 Myr timescales trace the lifetime of massive stars, which are the main contributors to stellar feedback processes, whereas 100 Myr timescales cover dynamical timescales of galaxies, allowing the possibility for multiple starbursts episodes in addition to giving galaxies adequate time for their kinematics to respond to fluctuating gravitational potentials.
Our data exhibit a near equivalent correlation -0.171 and 0.175 dex scatter -for sSFR averaged over both 10 and 100 Myr respectively, as shown in Table 3 . The simulated data also appear to have similar scatter in fixed mass bins, as shown in Figure 4 . This differs from the analysis in El-Badry et al. (2017), where they show a stronger correlation between stellar kinematics and sSFR when sSFR is averaged over 100 Myr as compared to sSFR averaged over 10 Myr. This disagreement may be due to the differences in analyses; this work evaluates the velocity dispersion of gas in ionized HII regions near young stars, contrasting the direct dispersion of all stars as measured in El-Badry et al. (2017) . Completing our analysis with velocity dispersion calculated from all stars in the simulations yields a tighter correlation (smaller scatter), with SFR averaged over 100 Myr, consistent with El-Badry et al. (2017) . The stronger correlation in σ of all stars with sSFR averaged over 100 Myr may be due to the dynamical time delay between rapidly fluctuating gravitational potentials and these fluctuations altering kinematics of stars. Gas kinematics may be affected on shorter dynamical timescales than stellar kinematics, as gas is affected by stellar feedback on short timescales whereas stellar kinematics are not.
Since our predicted σs are affected by both sSFR and stellar mass (Equation 1), we are careful to verify that the observed trend in dispersion is not solely dependent upon mass. The correlation coefficient of the OLAS sample between M * and integrated σ is 0.34, smaller than the correlation between the observed and predicted σ: 0.69 and 0.47 for sSFR averaged over 10 and 100 Mry, respectively. Thus, σ(M * , sSF R) vs σ is more strongly correlated than M * vs σ, showing that the intrinsic relationship between M * and σ is not the only contributor to the observed correlation of σ with sSFR. From this, we conclude that σ and sSFR are indeed correlated, and this observed relation is in good agreement with the FIRE simulations.
Implications for core formation
Simulations predict that core formation in dwarf galaxies may be driven by stellar feedback. This work focuses on studying feedback from individual starbursts over short dynamical times, whereas core formation is predicted to be a gradual process requiring repeated starburst episodes. Other works tell us about star formation histories (Teyssier et al. 2013 , El-Badry et al. 2016 , Sparre et al. 2017 , most notably finding bursty star formation histories oscillating over timescales on the order of ∼ 100 Myr, with starbursts on the order of ∼ 10-100 Myr in cosmological simulations. As discussed in El-Badry et al. (2017) , the power-law slopes of galaxy density profiles are predicted to be anti-correlated with sSFR and σ. In other words, cores and cusps oscillate in time with sSFR; periods of high sSFR and σ yield cusp-y density profiles, which flatten into cores following starburst episodes with strong gaseous outflows. Of course it is not possible to measure reliable SFR histories for individual galaxies on the timescales relevant to verify these oscillations. A promising observational test of burstiness is to compare the SFR measured on different timescales, e.g. from Hα and UV continuum, in large samples. Recently Emami et al. (2018) used this technique to study dwarf galaxies at z=0, finding galaxies with M * < 10 7.5 M undergo strong bursts of star formation over shorter timescales (t burst < 30 Myr), while more massive galaxies (M * > 10 8.5 M ) experience longer, less powerful bursts, with t burst > 300 Myr. These results support bursty star formation histories which appear to be required for core formation. A similar study at z 2 would be of great interest in establishing the statistical properties of starburst timescales within the low-mass galaxy population. Differences between Hα and UVderived SFRs for the OLAS sample (Figure 1 ) indeed suggest that SFR fluctuates on < 100 Myr timescales, in our modest sample. However at present it remains an open question as to whether galaxies in fact undergo the number and frequency of repetitive star formation and feedback episodes needed to form cores, and over what timescales this transition may occur.
Our analysis shows that, using both fixed mass bins as well as a parameterized fit including stellar mass dependence, we observe the same trends in σ with sSFR as in cosmological simulations. However this is only one piece of the puzzle. We are careful to note that our analysis traces gas kinematics in dwarf galaxies, and not stellar kinematics. Gas kinematics of HII regions are affected by both feedback-induced outflows and the galaxy gravitational potential, unlike the kinematics of stars which are solely dependent upon the potential. The agreement of gas dispersion with sSFR is a precursor of the core formation process; if we did not observe this trend in the gas, it would be difficult to argue the trend would follow in the stars (and dark matter). While we cannot directly conclude stellar feedback resolves the cuspcore problem from these results, we can support that our observations of gas kinematics are in excellent agreement with predictions from simulations that do resolve the cusp-core problem with feedback. This initial observational test therefore paves the way for more stringent future kinematic studies such as dynamical mass modeling, and direct measurement of stellar kinematics with deep spectroscopy and/or future larger telescopes 6. SUMMARY The OSIRIS Lens-Amplified Survey (OLAS) is designed to address the role of stellar feedback in low mass galaxies at intermediate redshift. In this paper we introduced OLAS and presented the first results from the current sample of 17 galaxies. By using a combination of gravitational lensing and Keck AO, we provide a unique, spatially resolved kinematic sample of galaxies with low M * and sSFR, pushing ∼1.5 orders of magnitude lower in both quantities than other AO surveys (Figure 1) , and explored tests of feedback driven core formation in low mass galaxies. Our main results are as follows:
1. We presented spatially resolved, image plane Hα velocity maps (Figure 2 ) and preliminarily explored the relationship between rotational support (v/σ local ), ordered vs disordered kinematics, and stellar mass in comparison with recent literature (Simons et al. 2016 , Figure 3 ). We used this relationship as a proxy for the strength of stellar feedback; i.e., to examine whether stellar feedback is strong enough to disrupt the overall gas kinematics of galaxies and destroy disks at these stellar mass scales. In this rudimentary classification scheme, we do not note any convincing trends that would signify a mass threshold for disruption of gaseous disks. We require a larger data set, in combination with a comprehensive dynamical analysis for kinematic classification, in order to search for a stellar mass scale where feedback destroys disks in galaxies as expected from theoretical arguments.
2. We tested the relationship between velocity dispersion and sSFR as predicted in El-Badry et al.
(2017) from the FIRE simulations. While El-Badry et al. (2017) analyzed this relationship using stellar velocity dispersions, we studied star forming HII regions of the simulations to best mimic our observations. From the FIRE simulations we quantified line-of-sight σ as a function of M * and sSFR, presenting the functional form (Equation 1) and its parameters (Table 3) , finding no significant redshift dependence. Our results are consistent with predictions from simulations to within one standard deviation using sSFRs averaged over both 10 and 100 Myr. We confirm that galaxies with higher sSFR have higher σ at fixed mass, and the observed trend is in good agreement with that predicted by our analysis of theoretical simulations.
3. Simulations have predicted that core formation is driven by stellar feedback which alters the gravitational potentials, and thus the stellar kinematics and central dark matter density profiles. While we cannot make direct claims about the motions of stars with OLAS observations, this work uses the kinematics of ionized gas in star forming regions which are an appropriate tracer for stellar kinematics. We find that our observed gas kinematics are consistent with predictions from the FIRE simulations which do generate dark matter cores at these masses, suggesting that stellar feedback may indeed induce core formation in low mass galaxies as the simulations show. This agreement paves the way for further, more definitive, dynamical studies.
This work presents a new observational test of the origin of the cusp-core problem, one of the most important and outstanding challenges to the cold dark matter paradigm. Answering whether or not cores form through baryonic feedback processes can either validate or disprove the CDM hypothesis. This new approach is interesting because by extending our observations out to higher redshift (instead of restricting to the local universe), we probe the epoch in cosmic history where stellar feedback has the most dynamical effect. If we could not observe the predicted trend between σ and sSFR where feedback is predicted to have the strongest effect on galaxy kinematics, we would not expect feedback to be a catalyst for core formation.
We do find kinematic signatures of stellar feedback altering the kinematics of dwarf galaxies which are in good agreement with fully cosmological simulations that resolve the cusp-core problem with baryonic feedback. Future studies using JWST, TMT/IRIS and other thirtymeter class telescopes will allow us to observe galaxies with lower sSFRs, providing a wider dynamic range, as well as observe stellar kinematics, offering more direct tracers of galaxy gravitational potentials. These upcoming advances will further allow us to use stellar feedback in dwarf galaxies beyond the local group as a probe for studying dark matter core formation, helping us understand the major mass component of the universe.
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